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(57) Abstract: 



PURPOSE: A clock forwarding circuit having 
characteristics for detecting an automatic clock 
delay and setting an initial parameter is provided to 
transmit data between circuits without error and the 
affection due to the delay in interface clocks, by 
automatically detecting the delay, and by forwarding 
the clocks corresponding to the detected delay. 
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CONSTITUTION: A clock generator0 1 0) produces 
the bit clock for inputting and outputting data. An 
output clock control logic(120) controls the clock 

signal from the clock generator0 10) to generate and apply an output clock signal(CLK_OUT) to a slave 
circuit. The d at a ( DATA-OUT)-,- transmitted from the interna! data bus(130) of a master circuit, is output to 
the slave circuit via a data control logic(170). The slave circuit receives the clock signal(CLK_OUT) and the 
data(DATA_OUT), and outputs an input clock signal(CLKJN) and an input data (DATA-IN) to a clock 
forwarding circuit(100) in the master circuit. A delay detection circuit(180) automatically detects the delay 
and applies the initial parameter(init_UNLD) corresponding to the delay to a load/unload clock control logic 
(150). 
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JIE mQ\, CPU(eentral processing unit )9t ITS OF^EI S|£.(master ci rcuit)?! ■*! .^S?F 

im rasa s*i s at** .tit^af -as mhos »&si «s?h.s?»fa kef. 
a-sk «q si dhoiei ssh m^h d^HVasiaa* 'a£ttfliA».*a«>&'Hr, #7i «st ahoioii 

S-H'fiElte £1^ mm dSMWfc DrQlSm (mother &bard)2] ^Sfl 2|# aaiQl(d&Lay)Ph ^XltFEIh SI 
£#2J gtj ^EfOI S7ISHHI iUfif QiOIEtm Mg/2! Ma ( I oad i ng/ui:l bad i ng)fF7| £1£T ^itl £8.01 i OF 
SCoperatihd raafdih)Qi MGH^CF. ftJ-EFAl, £91 flSS AF0IW. jOT SOI EIFQIEtS 3^F7|?F OI&LF. 
[ftEFAt SIMM AFOFSj »0iH-?36S ^SSI*F3|- ^loH, H «3M DF^Et ilM^ 371 fiaiOlM J[ 

§£g ajum; .4^1 mmm gmm rn^mm m^wh^m smm w w Psia 

5|^(ciock f orwarding circuit)* SSRjfcF. &3| ' SlSS Ah0l°J MfllEI S£S, M^S^J £«I£MM 

p«;m aaorwi s*m «*| ata isi- aoi ^tsi 4 saef. 

£ IS DFAEi 5iSaF AaiOlM SIMM ^HIS EIKIS Al£«2| JHS^aS SCBSSl- £lth 

£; 

£ 2a-2c^ £ jw EAia ;pF^a tisej s«s n fe^ a % &±m?i h»« stn-wi «o> efqi.se 

£ 3S..£ HHI £Af§ OF— *E1 5|M2| M^J SH9 &g6il Sit? S§1 S! tfftftSI £fcH# MO) 

£ 5^ £ 40il £AIS &m\ SS SS& M0j^7l slS£; 

£ 6g £ 5011. £AIS SEilOi J3M M0I47I ftt! 5 EF@ia£; 

£ 7^ •£ 5(ni sais tiaioi tisotii siw» zti& Mm mm\m mm&b ^7i efbfqieiS aa 

^7|?l£r£a; 

£ .8^ £ 4(HF £AI3 pS/2!££ M^j THIGH S^'i MOll?7| 

£ 9$ £ 80ii HAIS! M£/2!ME f ^ XfCH g^S MO) ^ 71 Wff EF0ia£; 

£ 10^ £ 4011 £Aia SE/ggH iEj;S^!Afp MQI?7| SUtf SI MS; IlEixl 

£ IIS £ 4CHI £AI£! Mm mS tlS^I S^g M 01^71, EF0IS£. 

*£3?J ^MOII tHSH ^±°J SS* 

100 : ■«* SSIH slS I IO : M§* ^UEflOIEI 

12Q : XII CM S3j m : LH ^ EO 01 El W:± 

140 : S ^: *M Xil Ol S5j 150 : MS/3 MS ^IGH M2| 

160 : £E/S££ ft:E|ge|Af 170 : djjOJEI fliOl Ms| 
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180 : SaiOl 3# ilS. 
if #2* 

& IfSS g£*IE|g 2 s?tlS (digital information processing liC)(Hl Stl-'SJSS. § 0 

sj^Sfe "xhs iaoi as a efefdiei y\B mm ssia sisoii »b .201 a.. 

£ IS QFO|eS^AtAi(0Jl#gS 0RU)&F ITS QhAEi SiS (master circuit ; 10)> 3EI jr£fE*fl: MS 
El §*| 5!. AiaU tH£(E^ A|.£g| «£)2F ITS aKQIfl SIS (slave circuit ; 20)M i^F£ M± 

mm )h^^s Mrt^i ^ mms. 010. 

e is aims, #.aoiM as (20)^ mm a aioiei gsss sohm. pf^e-i i|s<i;o)sa ?i¥ eipi 
oht^tsw. ffttfi aet-ifes .»« ai ± (clouds ttoi ei (data.out)m gaior«.si;sw)s.^ 
a«5. §&oim tffiGWs 4tfi s§* £!2(clk_gut)2i- ai:oia(DATA_ouT)§ wofsoi 11, mm 
£}&{QtKjnw □oiEi(DATAjN)i: d^Ei tis(iQ)s »*tch . opm*, fita ^?& IN L^ il f S 

S^J {MsCGLK QUT)2j niH^ mm £! 2: (feedback clock signal )0|Gh OF^EI £|S(10)S, #301^ 
i|S(2G)^¥Efsi QJOIEi(DATA^iN)M SadfeQl "a*f mm i! : S(CLk_IN)a AK»3, S3S fflBf tOOl 
Ei(DATAJN)S LH^OiUl xjEI^HJ mm mm d2(CLK_0UT)m AfSSfEK 

E 2A^2C= £ M EAI3 O^EI 3 S (10)2] gj^i SI #3 £!±S£J SOW EFfll'StS Q[ 

D. ESS S^i "^ftaCCUU* CLOUT) AKltOls »atJK*lwW SWFSEI* PIS 

aS(tO)£F #at0l;M aS(20)S "ffiMttfe dCHMH(nDtherbdard)ej ^2!:#Eh, Ol.Sh US Sapl 

H0|*; fefS s^! OBEi i|S(IG)°j QfOIEH S9( loading) a 2! S3 (unloading) -5$** SioH 

SaaaillS- QFS (operat ing margin)* SgftlCF. HE1LK 33 gCH PF£H 1IS(10) S #5il0m 

a ^ (20)#2i mm *£»»elite §* f oi sick: £ 2bchi eais h&f a-oi:, .o^a atao) a saioi 
m tis(20)sj ^e5f Bimow im £mmm m® £ 3 3 if, #Eii:oiM ;tis(20)oiiAi 

o^ei asno)S2i QiidiEi &&n ss7r#Mft ^> sitf . £ 2GC#3f«KB, sw.-fiwaoiir nmm* 

ttSlT^'JS* S£S #q %E3L*Eh7aS : , &7I DilO|E|(DATA,IN» Dh^a 5|S(10)S tTOHW 

^te 3a&,e» oi-H.3ii eu. fimaofa ■adL"*?: **i ^scglk^outpk -ap mm hm&j^) 

SO S*A|5i [fflgOil> DfcfkEI aM(IO)S| QlOIEI SStS L10IE1 SD ^ OI^Oll: ^ Stfl' 

ei^ aoitK ssfe a-s-E< Aiigioii sicHAt, oiEm aaatoj^: sag Kitfe as «ei 

^(processing* speed)^ S5+*HHI CtfEf CH^$IX|S 2iEK OIH*K £MM *ia«t^ ^l£!" » 9001 HKS 
S^l S:S( clock forwarding method)0|Ef. 

E 3S E 10|j« EAIS W*E\ i|S2| fiojg ^gg- oj^j. o.q g ^ g.q iJ±12J S3W MUfl 

¥>i wft Efoia-E 01 ek 01 wawiAt, aaioicHi srsofe as ?li#s irai 5«a *ki s?j 
m> ts.(ido)di Bi^M g^ s^i :asfaX:iiuD«i si-afai ff*sta<^ S»£ 3 i^L D^Ei 
fl^dojsi dioiEi asa ssfsatifa sa g^owoi * sisi nth HEies, aaoiM -a 
s(20)i^Ei a^s aioia coATAjNjs o^ei as<iojs§sm>« s^i ^ sia. 

g^g°j saa# 9IWA+, mm ascropjei eiioiei sa/ass ^i mEKueix initial 

parameters )S SStT 2AEK go^SM, 01 *9| EEmiElf S OKHaE EIA^OIUWI BjoHAi 0|E| 

SSElii; £lg£! ^S ^1 £fV9. aSdOOJW ©aS - £l¥ R0M( read only memory) (01 EAIH) 
(HI TclSSEK aadj SPtS « O^Ei flSdG^h ^71 a i: UH. ^71 JffEH3|:6tft'S* S^'M-?! 5tJ'I.§ 

m^. 5?i;a ----- - - - - - - — — - - — • - — - 

S(20)S^Ei m 
* SECJ. 

ft^ i?Jl! S-SCHI CHt> (Bit, 198SB 31 7& Sage r et al .Oil BJ^H S^E! U.S. Pat, No. 4,811,364, 
"METHOD AND APPARATUS FOR STABILIZED DATA TRANSM I SS I ON" > 1990fe3 12M 18^ Sager et at. Oil S|ff *S« 
S U,S. Pat; No. 4,979,190, '-METHOD AND APPARATUS FOR STABIL I ZED DATA TnAffiMISSION", HEiHtSSfe 
61 2@ Wolf Oil Siti U.S. Pat. No. 4/525,849, "DATA TRANSMISSION FACILITY BETWEEN TWO 

ASYNCHRONOUSLY CONTROLLED DATA PROCESSING SYSTEMS WITH A BUFFER MEMGRV'OI SiEh 

sroiiAf iSBtito soi, bsi:ss ^i-^i mb ^>i ©Ei-djEiss, qe+se eiwoiuOH: » 

SEI ES, a a HI SI SPKHI Hiai oDAI gPfSEK SSi" OFU EK 451 Dj£ttlfE1#0l £l¥ ROMHI 

HSi! ST^S SSEI7I [ID SOII. «IS: S*HH|: 2|<*a : df& 2^ 'SiSV 4= t|S# AHDI 

B| QIIOiEl a»S»FM PiaS S17| SiEf. 

cci-ei-ai, s- sssi =s*s »jw sxoise nja«i:5f » «ieha ass..ase /wist qipkei s 
Ss*rtf5i ^ioH, eiEnoi A gqg Atoiej aaiois ^£s,g#fi aioiEi sa/asa ^5i 

uhEhDIEtSM £9V *"5l6 aW* SS»E| ICS aSo*^D0 

sacj Wfcffif s S3 si ^sjs firs-ffpi ^ &s si ^goto g«a, ei ai i ai^ms, s 
«ia: ass ^Hiate, xi i s^'i!.ss feaoPi «#dl:i6f trsah »5i pf^ei' asw aaaoi » 
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a tb#i 2 'ftq a&m -'womQiia, a 1 v si 2 dam akhhi- aaioim sps+ii,. aeua 

29j HfllOIS 7|iS SKM 4^1 Oh^EI DilOIEI isstict. 

C^AIOfl) 

B|» S IOB1 CQ-B filAIOt* W*S SEa S 4 LHTq E 11f 

1 ISftbiW* ^Ta ; WotSlfdirs^sar awstti "SB* aWQW "Swt "kw sti& 
aoi ^a-v * sick ' 

£ 4^ ft ^SOfl *SI*f QlMi m% SWi S|pg MBI^7| ft* *«5 to. g4 

S »£»rek*aej S«H tE(100)~ auaOIEKclgck generator ; 110). *q; B£j HIM 
(output clock control logk i 120), LH¥ til pi Bi ^(internal data bus ; 130). B» S^t HIGH, 
input clock control logic ; 140)* SE/2SE »0f load/unload clock control logic 
; 150), SE/H3S. ^ El A1 ( load i ng/un loading multiplexer ; .1=60). HfQjfl .HP 33 ('data- control, 
logic ; 170); HEIlT fiaiOj a* SI (del-ay detection circuit ; 180)9 ^ttHQ:. 

i; vn wuaoia(iiD)s^:Eisi *q nsmbi ^ ais(clkjgut)m saoiM tips w 

ah*!-Q. 01 ili, Oh^EI 5ll2| LH¥ DO 01 EH W£(13Q)£¥Ef 2i#S S-e? Q| Q I E+X D AT A.OlfT ) ^ . CO 01 El HI 

oi launios mm saoiM .ms^ s^so?. 

#7| DfAEi 5|£2r ! 2I¥ 2! El 511 01 £M *S©r= SgHOI'M jlSfe, Or— El 5|II^Et2| ; M^J 
A!i(CLK_0UT)2r 01 01 E1 (OATA jUT)S SDr»0|S. S^S^ ^±«LK.IN)aK S:^ pllQIE1(DATA JN)S 

±Et 'a-e-sj gm'ssra srso-ttos "Wsjo. "«w «s* ^scojcwos s^i ^scqjLwrj 

oj K|£«ij &q ^sffeedback clock signal )MAi, g.f^ d:£W(CLK_IN, OLK.OUT) A r B|0il£ aaOI7F 

oi: sen oi^ atea a.s;a r saor£ sip dfh-mesi: 21*1 w®a\ 

#71 tSm AH3I2J QI0IE1 gjiS^Pl £|tHAh aaiOI;3S.tlS(180)S #71 .H.a-0f« 

asma aaionw w&as ^^i uefflia(ittitj«iD».-as/efS'£ «w ^(ibo)^ 

tK ME/a^E tt^! fllfH S4(150)e, s^l fitt-taJUNJ-M tfil 101 s^Hgjas^Ei. 
XII OIS BstCLICOUT^OII ggerH A^ M°\ S£ SltH dsMdOs) S! EN* 7HSI 2Sg XII Oi i! 

sl(tiNLOs)g M£/g?SE aas^Ai(i6b)s Aryett sS/s^fi ^eim^akipjoiiai «i si s; 

alE 101 tf*«(LD, UNLDJS, H^M^I 2MHIiM¥£l »«m?l AI^Lh 3f£ XfOi Sh2J i 
51 2tS «7f i'7| 'EhEroiEt<lnlt.UNLD)01i SISHA1 SOU ElS* IE BIO* dS2l StS "00"^I 
SO, OlSTil #71 £1 H g : S£ SIGH d2M(LDs, UNLDs)0il ^fHAI SS/H"SE 

lEie^Ai(160)^ E0OJE|(DATA_IN)M ^ 2iH, 3E|B gDi! -BW Ef0|Et(DATA.IN)M fe^l 

aaoiwi. aWBW s^n uioiei mq\ ^mmm mn nt^t] ti^m s.^ aoi 21^9 ^ ^ ^im 

E 5fe E. 4Mb EAIS ttaiOl 3^ 11.11 MOi^3l $m fflS£0»i E. 51 S^B > SEHOI SS tl 

©(180)1= as. ^y(i88), urn sm'O-95) s. »ioi : sy(i98)m stisa. 

as sadttjs s^: a^i asccuuNja- s^ iisfeucouT) Ardia mmm a^tp. min 
crssjs n ;hsi ass aaotms di-Msm, s§ ass aaoigoi g«&i-a yiss m&m 4?i 

EErQfcEi(lnit.UNLD)SA1 SE/9SE «q XfOi S'2S|(-tSB)SS "*q.S!£h BTS, 5?2f SS© aa 

oimoi aioj saxi98)s XiiuadiEiaid) m as sycite5s as.-trCh .nam 

UAL Xil CH Sbd (19fi)S, WUai OI EI (110)^ ^EH7h ^a& * 1 El 5( re I easejt! ^) .SS S 
gS ttaOl f OI a^ ta JJOT Nttfe EEI aH.(Nili: f ree running)Oj| 3 S3 iajOIS* HUM* 

&^i; as sy(i88)g ?tss -fls-f ranst aaoi as as(m>tt aBitw, w^se sikisd- «i: i 
i3-g'ass(i82w a 2 .D-sasa(ia3)s sti^D. s&sss 0^ «tps9a°i.4ra s« 

d : 2((llCOUTjDtO "»B*|.AI MSS g^S ^tSt+Eh. HE|H, flBilOl 2S $H(i84)B X1l 3 
B-SS##(1B5>, U 4.D^aa<186);s-*FhS-#.a'MCT87)a S*»t!CK SI VEhBSVX 182)21 sq 
^ X1I 3 D^SSSSC185)S|:a«2r llili, SI 2 ! D-MS§S(1B3.)S| Ii|: 4 D-#ljMM(186)2J a; 

^aaSD/a'a-fifcS-BfiiCiK) i'S * D-sa«(W)S teobijoiAi ?rss a inn 
a- saioiM 'ass*Et s^fsj a-stfuaflxw s&sm aaois assici-, «7i 

ds(CLK_iN)^ R-S MUBM(187)M >A| M 3 D-MHMa(185) S Xil 4 D-g!!gM(186)£S B^i d2 

sai a 3s£ r : 

dlia Sid (1=95)3 'EHt! £l£(192)a b|B7t(193)M StMCI-. EHS 5|S(192)^, N Hip gfejOII 3 
g.S Sid(l88)^g^E1 SSE! aablS MSB(most si gn if icant bit)£r 1SB( least significant 

bit)* WSSPI WtT CllElg^Ai (de-multjplexer ; t91)2HW2| EHxISS SSSTEK d| 5171(193)^ 
^ XOR(exclusive-QR) ?j|0| M2f tt\J2\ NOR fllQIM* 7WI^QL XOR^I.QlS^. 3«S SEilQI 

MSB mm LSB N7HS EllEIM^Ai(j91 >S gSB W-1JQWSIO. XOR' TilOlfeMS, afe SHiSOl 
E^ S^AI QhtiXl g §2rM5| MSBS2r LSBS.S WWKSL. HifflS! 3-3UI* NOR »0|gS".*H» 
□.. 5.^ SSS 'S2MDI fi¥"aCHi NOR Til 01 feEl §tt)l a»(TJ« SBI'tkEK PI S:^, fil^l 
MSB 5! LSB^ SE/glgE g§j 731 CH S?l (l50)0ii. ^71 jftErtJlEi (Init^UNLD)SAl S^ilEt. ^301L 

asi! i2F*0i U$ vn was, nor pis ^ei i?- aic'D")! s^trp, 01 a^, nw 
&aci.9B)s StihB Baoi7hasEixi. ar^Erii s^?u »LiaoiEi( : iio) a as ea(iws ei 

XW °a(1;?8)s Aia@! XIICH S5|(systero clock control logic ; 1'96)2r N HFM 5-EI S.y 
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3hSE1/CiaC|(tt bit free ruining counter/decoder ; 197)S JJt^EfO,;. N H|M ii2l Sy 

?fsir/DiQt-w»Jfe ai&b mm nm e^.(i96)a- wm msum mm miner, n us aa ay 

? IeI/QSQ 197)= #31 Wft7|( 193)21' ftetQI "0"W ttH 2!(HI0|g E|.Qf N Hj'M SSI SHt^Na 

i5i -mm siuaio aalo^Eta «4 a$« #3i a srsiM( 192)21 : a*imM 33s w anas 

4(196)SM "0"& »fc»«r. JJ^ffc *q SflGH SS!(196)g g« W|Liai0|,Q(1iP)2f 2§ ^(tf )f 

ass #a ass liHt fuenoiEi(iio)7h s# dhssiwo.r2.a> H±m §q *)ia S5|.(i98)s « 
q «iueiioiEt(iio)S¥Ei2i esj ijs§ N him Ma a y ?hSEi/aaa<i9?)s a#&a. 

E 6§ 5 .5011 EAlt! BE|0| 2 a 2IS2J =*f§ 201*31 ?IC f EfOISS 01 0. E5g E 6s &f of 
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